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EXECUTIVE SUMMARY 

 
 
As the use of alternative energy proliferates, the fire service has identified a number of areas of 
concern with hazard mitigation and emergency response.  This includes solar power systems, 
which are introducing new and unexpected hazards to fire fighters and other emergency 
responders. 
 
The goal of this report is to assemble and disseminate best practice information for fire fighters 
and fireground incident commanders to assist in their decision making process for handling fire 
incidents in buildings equipped with solar power systems or in the systems themselves.  
Specifically, this study focuses on structural fire fighting in buildings and structures involving 
solar power systems utilizing solar panels that generate thermal and/or electrical energy, with a 
particular focus on solar photovoltaic panels used for electric power generation.  The project 
deliverables will be in the form of a written report, which will include best practices that can 
serve as the basis for training program development by others. 
 
The deliverables for this project collectively review the available baseline information, identify 
the fundamental principles and key details involving fire/rescue tactics and strategy, provide a 
summary of core basics, and address and clarify related issues such as training needs, areas 
needing further research, revisions to codes/standards, and other applicable topics. 
 
A companion study to this report focuses on electric and hybrid electric vehicles rather than 
solar power systems όάFire Fighter Safety and Emergency Response for Electric Drive and Hybrid 
Electric VehiclesέΣ CtwCύΦ  ¢Ƙƛǎ Ƙŀǎ ǘŀƪŜƴ ŀƴ ƛŘŜƴǘƛŎŀƭ ŀǇǇǊƻŀŎƘ ŀƴŘ ŦƻŎǳǎŜs on assembling and 
disseminating best practice information for fire fighters and fireground incident commanders to 
assist in their decision making process.  This companion report addresses emergency events 
involving electric drive and hybrid electric vehicles, both near or within structures (e.g., 
residential garage).   
 
This overall initiative (consisting of the reports Solar Power Systems and Electric Drive and 
Hybrid Electric Vehicles) is funded through a U.S. Department of Homeland Security (DHS) 
Federal Emergency Management Agency (FEMA) Assistance to Firefighters Grant (AFG).   
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1. INTRODUCTION AND BACKGROUND 

 
Amongst the new challenges facing the U.S. fire service is the changing nature of emergency 
response to incidents where alternative energy sources are in use.  The term alternative energy 
describes any of the various renewable power sources that can be used in place of conventional 
fuels such as petroleum and other fossil fuels.1   
 
The fire service has identified a number of areas of particular concern with respect to hazard 
mitigation and emergency response in these scenarios.  As the use of alternative energy 
proliferates, it introduces new and unexpected hazards that confront and challenge responders 
in an emergency. 
 
Some fire service organizations are in the process of developing recommended emergency 
response procedures and best practices on a local or regional basis; in other jurisdictions, basic 
information on the hazard and appropriate response is lacking or not currently available.  This 
project will take a comprehensive national look at the needs of the fire service for credible 
information and best practices in order to address these topics for first responders and provide 
an overall coordinated perspective on this topic.  
 
The goal of this report is to assemble and disseminate best practice information for fire fighters 
and fireground incident commanders to assist in their decision making process for handling fire 
incidents in buildings equipped with solar power systems or in the systems themselves.  
Specifically, this study focuses on structural fire fighting in buildings and structures involving 
solar power systems utilizing solar panels that generate thermal and/or electrical energy, with a 
particular focus on solar photovoltaic panels used for electric power generation (see Figure 1-1 
for an example of a solar power system on a typical residential occupancy).   
 
While this report addresses issues of concern on solar power systems, a separate companion 
report addresses electric drive and hybrid electric vehicles, and it specifically addresses those 
emergency events involving electric drive and hybrid electric vehicles either near or within 
structures (e.g., residential garage).  The project deliverables will be in the form of a written 
report, which will include best practices that can serve as the basis for the development of 
training programs by others. 
 
This report will focus on solar power systems through the following specific tasks:  

(1) Collect and analyze applicable scientific studies, case study reports, and available 
operational and training guidance from various sources;  

(2) Synthesize this information in the form of best practice guidance for emergency 
response;  

(3) Make the project deliverables broadly available to the fire service through on-line and 
print methods, and generate awareness of its accessibility; and  
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(4) Determine if standardization of safety practices is feasible and if so disseminate 
information to those involved, including submittal of possible revisions to applicable 
codes and standards. 

 
The first of these tasks is key, which is to collect and analyze all applicable scientific studies, 
training guidance, case study reports and loss data, and available emergency response guidance 
relating to solar power systems.  This task includes an interactive one-day workshop involving 
experts on fire service and other subject matter.. 
 
The goal of the one-day workshop was to identify, review, and assemble best practice 
information for tactical and strategic decision making by fire fighters and fireground incident 
commanders, to assist in their decision making process when responding to fire and/or rescue 
emergency events involving solar power systems.   The workshop will focus on the following 
objectives: 

¶ Collectively review the available baseline information provided to participants prior to 
the workshop;  

¶ Identify the fundamental principles and key details involving fire/rescue tactics and 
strategy, and provide a summary of core basics; and  

¶ Address and clarify related issues such as training needs, areas needing further research, 
revisions to codes/standards, and other topics applicable to the overall workshop goal. 

 

 
Figure 1-1: Example of Home with a Photovoltaic Solar Power System in Milton, MA 

(Photo courtesy of NREL Photographic Information Exchange) 
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2. OVERVIEW OF SOLAR POWER SYSTEMS 

 
Technology offers great advantages that generally make our world a better place.  Yet when it 
fails it can introduce new and unusual challenges for emergency responders.  As solar power 
systems proliferate, fire fighters and other emergency first responders need to be prepared to 
handle the hazards they present.   
 
This section provides the baseline information necessary to understand and adequately address 
the technology used for solar power systems.  This includes some brief historical information on 
the development of the technology, clarification of the basic solar panel types currently 
available and marketplace trends, discussion of available loss information, and a summary of 
applicable information resources.   
 
 
Evolution of Technology for Harnessing Energy from the Sun 
 
Life on planet Earth is fully dependent on the incredible energy of the Sun.  As mankind has 
intellectually evolved, he has learned to directly harness this energy for practical everyday uses.  
Today, solar power has come into the mainstream and today is a practical and increasingly 
common alternative power source to conventional fossil fuels.   
 

 
Figure 2-1: Basic Methods for Harnessing Solar Energy 

 
The three basics means of capturing the sǳƴΩǎ ŜƴŜǊƎȅ ŀǊŜΥ passive solar (i.e., ŎŀǇǘǳǊƛƴƎ ǘƘŜ {ǳƴΩǎ 
energy in building design and construction); solar thermal (i.e., sunlight converted to heat); and 
photovoltaics (sunlight converted to electricity).2  These basic methods for harnessing solar 
energy are illustrated in Figure 2-1.  Generally, the evolution of the technology for harnessing 
the sǳƴΩǎ ŜƴŜǊƎȅ ƻŎŎǳǊǊŜŘ ŦƛǊǎǘ ǿƛǘƘ passive solar many centuries ago.  In the last several 
centuries this has given way to the development of solar thermal technology and in more 
recent decades by photovoltaic technological advancements. 
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Mankind has been harnessing the energy of the sun for thousands of years.  Since as early as 
the 7th century BC, building construction and structural positioning were done so as to take 
advantage of maximizing solar heating potential.  Common techniques of construction included 
the use of south-facing windows to capture the sǳƴΩǎ ǿŀǊƳǘƘ.3  Today, perhaps the most 
obvious direct application of passive solar concepts is with greenhouses used for agricultural or 
horticultural purposes. 
 
The scientific advances of the last two and one half centuries have propelled solar technology 
ƛƴǘƻ ƳŀƛƴǎǘǊŜŀƳ ŜǾŜǊȅŘŀȅ ŀǇǇƭƛŎŀǘƛƻƴǎΦ  ¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ ŎŀǇǘǳǊƛƴƎ ǘƘŜ ǎǳƴΩǎ ǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ƛǎ 
credited to Swiss naturalist Horace de Saussure, who during the 1760s created a hotbox that 
effectively captured heat within multiple insulated boxes with plate glass windows.4   
 

 
Figure 2-2: Rooftop Installation of Solar Thermal and PV Systems in Atlanta, GA 

(Photo courtesy of NREL Photographic Information Exchange) 

 
A century and a half later in the 1800s this application was expanded to metal water tanks 
painted black that would heat water when exposed to sunlight on rooftops.  In 1891 Clarence 
Kemp of Baltimore received a patent for the first commercial solar water heater that was 
successfully marketed under the name ClimaxΦ  ¢Ƙƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ƳƻŘŜǊƴ ǎƻƭŀǊ 
power system.5     
 
Today, the use of solar panels for heating water are common in certain countries such as 
Australia, Israel, and Japan, and for certain application such as heating swimming pool water in 
the United States and elsewhere.  Figure 2-2 shows a combination solar thermal system (on 
left) and photovoltaic system (on right) at the Georgia Tech Aquatic Center in Atlanta, Georgia.  
As shown in the illustration, the two types of systems have similar outward visual features, and 
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it may not be immediately obvious to emergency responders which type of system they are 
handling. 
 
While solar thermal power technology was under development, so too was solar electric power 
technology.  In 1839, French scientist Edmond Becquerel discovered a way to convert light into 
an electric current using an electrolyte cell made up of copper oxide electrodes in an electrically 
conductive solution.6  The photoconductivity of the element selenium was discovered by 
Willoughby Smith in 1873, and 10 years later American inventor Charles Fritts is credited with 
the design of the first practical solar cell using selenium wafers.7     
 
The conversion of sunlight into electrical energy remained a scientific curiosity until the 
development of a crystal silicon cell.  In the early 1940s, Russell Ohl at Bell Telephone 
Laboratories received a series of patents for thermoelectric-type devices using high purity fused 
silicon that paved the way for the development of the modern solar cell.8   In 1954, a Bell 
Laboratories team led by Daryl Chapin, Calvin Fuller, and Gerald Pearson created a crystal 
silicon cell that had good conversion efficiency (~6% light-to-electricity).  This resulted in the 
first commercial uses of photovoltaics in 1955 at remotely located telephone repeaters, and in 
the first communications satellites launched in 1958.9     
 
Photovoltaics soon established itself as the power source of choice for satellites in space, and it 
has held this role ever since.  The high cost of the early PV technology has steadily dropped 
over the years with increasing advancements in technology updates.  Today, photovoltaics, 
ŎƻƳƳƻƴƭȅ ƪƴƻǿƴ ŀǎ άt±έΣ Ƙŀs firmly established itself as one of the premier methods of 
sustainable energy and as a realistic alternative to conventional fossil fuels.10   
 
 
Types of Solar Power Systems 
 
CǊƻƳ ŀ ŎƻƴǎǳƳŜǊΩǎ ǎǘŀƴŘǇƻƛƴǘΣ ǘƘŜ ŦƛǊŜ ǎŜǊǾƛŎŜ Ƙŀǎ ŀƴ ƛƴǘŜǊŜǎǘ ƛƴ ŀƭƭ ƳŜǘƘƻŘǎ ƻŦ ƘŀǊƴŜǎǎƛƴƎ ǎƻƭŀǊ 
energy when it comes to their own fire stations and related facilities.  However, from the 
standpoint of fireground operations at a structural fire, their focus on the topic of solar power 
is, for all practical purposes, entirely on solar panels for thermal systems (direct heating) and 
pƘƻǘƻǾƻƭǘŀƛŎΩǎ (generating electricity).  Accordingly, these two basic methods are the primary 
focus of this report, as illustrated in Figure 2-3, types of solar power systems of interest to the 
fire service. 
 
Fire fighters engaged in fireground operations at a structural fire are most likely to encounter 
solar panels on the roof of the structure, since this is normally the area most exposed to 
sunlight.  The scope of this report includes all thermal systems and photovoltaic systems that 
are directly supporting the energy use of a particular structure.  In such a case the solar panels 
may be located on the structure (i.e., roof) or be immediately adjacent and directly supporting 
ǘƘŜ ōǳƛƭŘƛƴƎΩǎ energy use.  This study does not intend to include independent solar power 
generating facilities.  An example would be a large array of ground-mounted solar panels that 
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are directing their combined electrical energy into the power grid for collective consumption by 
the community.   
 
Thermal systems are generally less complicated than photovoltaic systems.  The basic concept 
used by a thermal system is to use sunlight to directly heat a fluid that is used to transfer the 
thermal energy.11  Often the fluid is water, and on a structure this may or may not be 
connected to an internal storage tank such as a conventional hot water heater.  Fluids other 
than water may be used in certain closed-loop systems to avoid freezing and enhance the 
ŦƭǳƛŘΩǎ ƘŜŀǘ ǘǊŀƴǎŦŜǊ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ.12   
 

 
Figure 2-3: Types of Solar Power Systems of Interest to the Fire Service 

 
Thermal systems are often further recognized as either passive thermal or active thermal 
systems, depending on whether or not they have a pump that actively circulates the fluid.  A 
common application of a thermal system is to heat swimming pools, primarily because the fluid 
(swimming pool water) and pump (swimming pool filtration system) are already readily 
available.  The four primary classifications of solar pool collector designs are: plastic panels, 
rubber mats, metal panels, and plastic pipe systems.13  The overall risk from thermal systems 
presented to fire fighters involved with fireground operations is generally considered to be low. 
 
 
Marketplace Trends 
 
Solar power is an important source of sustainable alternate energy. The benefits of harnessing 
solar energy often outweigh the barriers, which most often is the initial installation cost. Most 
of the common solar energy applications available today are highly reliable, require little 
maintenance, have minimal operational costs, are sustainable with limited environmental 
impact, reduce our dependence on foreign energy sources, and provide a flexible and 
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adaptable supply of power.14  Figure 2-4 illustrates a typical residential solar power installation 
located in Maine. 
 

 
Figure 2-4: Typical Residential Installation of a Solar Power System 

(Photo courtesy of NREL Photographic Information Exchange) 

 
The overall health of the solar power industry is strong.  Worldwide solar heating capacity 
increased by 15 percent from 2007 to 2008, and for the first time ever more renewable energy 
than conventional power capacity was added in both United States and the European Union.15  
In the United States photovoltaics show strong promise for supporting our future electrical 
energy needs.  Since early 2000 the production of photovoltaics had been doubling every two 
years until 2008 when it doubled in just one year.16 
 
The solar power marketplace in the U.S. has experienced significant growth over the most 
recent decade.  This is due to strong consumer demand, rising energy prices from conventional 
energy sources, and financial incentives from the federal government, states and utilities.  
These factors have resulted in the installed cost of consumer-sited PV systems declining 
substantially since 1998.17     
 
The PV market is dominant in a small number of states led by California, but this is expanding as 
installations doubled in more than eleven states during 2008.  The top states in 2008 based on 
installed megawatt (MW) capacity of PV installations were: (1) California - 178.7; (2) New Jersey 
ς 22.5; (3) Colorado ς 21.7; (4) Nevada ς 14.9; (5) Hawaii ς 8.6; (6) New York ς 7.0; (7) Arizona ς 
6.4; (8) Connecticut ς 5.3; (9) Oregon ς 4.8; and (10) North Carolina ς 4.0.  The remaining states 
accounted for a cumulative capacity of 15.9 MW.18   
 
Over 62,000 installations were completed in 2008, and the industry experienced a growth of 78 
percent in 2008 with more than 5.4 gigawatts (GW) of capacity in shipments.19  Similarly, the 
average size of PV system installations also increased during this time frame.  Examples 
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occurring in 2008 include a 12.6-MW installation in Nevada and a 3-MW installation in 
Pennsylvania, which together accounted for 5% of the annual installed capacity that year.20  An 
example of a large commercial installation located in Boston, MA is shown in Figure 2-5. 
 

 
Figure 2-5: Example of a Large Solar Power Commercial Installation 

(Photo courtesy of NREL Photographic Information Exchange) 

 
Each year in the last decade the manufacture and shipment of components for solar thermal 
and photovoltaic solar power systems has increased at a noteworthy rate.  For solar thermal, 
Table 2-1 illustrates solar thermal collector shipments each year from 1998 to 2007, 
demonstrating the vibrant overall health of the solar thermal industry in the United States.21  
Similarly, the annual U.S. shipment of photovoltaic cells and modules remains strong and has 
increased sharply from 1998 through 2007.  The increase in annual shipments of photovoltaic 
cells and modules in peak kilowatts over this time period is illustrated in Table2-2.  At this time 
indications point to this growth continuing.  
 
 

Table 2-1: Solar Thermal Collector Shipments Annually from 1998 to 200722   

Year 
Import Shipments 

(1000 Sq Ft) 
Export Shipments 

(1000 Sq Ft) 
Total Shipments 

(1000 Sq Ft) 
Number of 
Companies 

1998 2,206 360 7,756 28 

1999 2,352 537 8,583 29 

2000 2,201 496 8,354 26 

2001 3,502 840 11,189 26 

2002 3,068 659 11,663 27 

2003 2,986 518 11,444 26 

2004 3,723 813 14,114 24 

2005 4,546 1,361 16,041 25 

2006 4,244 1,211 20,744 44 

2007 3,891 1,376 15,153 60 
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Table 2-2: Photovoltaic Cell/Module Shipments Annually from 1998 to 200723   

Year 
Import Shipments 
(Peak Kilowatt) 

Export Shipments 
(Peak Kilowatt) 

Total Shipments  
(Peak Kilowatt) 

Number of 
Companies 

1998 1,931 35,493 50,562 21 

1999 4,784 55,585 76,787 19 

2000 8,821 68,382 88,221 21 

2001 10,204 61,356 97,666 19 

2002 7,297 66,778 112,090 19 

2003 9,731 60,693 109,357 20 

2004 47,703 102,770 181,116 19 

2005 90,981 92,451 226,916 29 

2006 173,977 130,757 337,268 41 

2007 238,018 237,209 517,684 46 

 
The largest barrier to the proliferation of PV technology is its initial cost, and reducing this cost 
will further promote its widespread use.  This obstacle hinges directly on the manufacturing 
process used to create the solar cells and related technology components.  Intense research is 
under way that is focusing on improved processes to reasonably manufacture PV solar cells, 
and in the coming years it is anticipated that the affordability of PV solar systems will 
improve.24   
 
The attractiveness of solar power is of course dependent on the available sunlight.  However, 
the cost of purchasing electricity tends to be a greater marketplace influence, which is why 
some of the states with less than ideal optimum sunlight rank high on the list of states with the 
most installations.  For example, New Jersey, New York, Connecticut, Oregon, and North 
Carolina all ranked in the top ten among states with the most installed MW capacity in 2008, 
despite ranking lower in terms of annual total sunshine.   Further, certain states (e.g, California) 
and certain regions within states have aggressive legislation and active incentive programs 
promoting the use of solar and other sustainable forms of alternative energy.  Therefore, fire 
ŦƛƎƘǘŜǊǎ ǎƘƻǳƭŘ ƴƻǘ ŀǎǎǳƳŜ ǘƘŜȅ ǿƻƴΩǘ ŜƴŎƻǳƴǘŜǊ ŀ ǎƻƭŀǊ ǇƻǿŜǊ ǎȅǎǘŜƳ ǎƛƳǇƭȅ ōŜŎŀǳǎŜ ǘƘŜƛǊ 
jurisdiction is in an area of the U.S. lacking a reputation for abundant sunshine. 
 
An example of a proactive sǘŀǘŜ ŀŎǘƛǾƛǘȅ ƛǎ ǘƘŜ ά/ŀƭƛŦƻǊƴƛŀ {ƻƭŀǊ LƴƛǘƛŀǘƛǾŜ tǊƻƎǊŀƳέΣ ǿƘƛŎƘ 
provides significant rebate incentives through selected participating public utilities to promote 
the use of solar energy.25  Table 2-3 illustrates the growth of solar energy systems in California 
from 1981 through 2008, and the impact of two major legislative initiatives to promote its use 
that  were initiated in 1998 and 2007, respectively.  In 2010, an estimated one percent of all 
buildings in California have some type of solar power system.26  The program started in 1998 
focused on incentives for stimulating utilities to broaden their use of solar energy, while the 
independent 2007 program additionally addresses consumer-based incentives.   
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Table 2-3: California Grid-Connected Photovoltaic Systems 1981ς200827   
Year Total Kilowatts  Year Total Kilowatts 

1981 37  1995 4,193 

1982 75  1996 5,046 

1983 86  1997 5,465 

1984 1,231  1998 6,263 

1985 1,245  1999 7,228 

1986 2,217  2000 8,929 

1987 2,217  2001 15,180 

1988 2,221  2002 29,820 

1989 2,280  2003 58,460 

1990 2,295  2004 95,984 

1991 2,312  2005 139,516 

1992 2,801  2006 198,257 

1993 4,064  2007 279,463 

1994 4,606  2008 449,216 

 
All corners of planet Earth have some number of sunny days, and thus this technology can be 
found virtually everywhere.  The remoteness and ease of access to an area also provide a 
strong motivation for using solar power, and it is ideal where delivery of conventional fuels is 
very difficult.  For this reason solar power has been the energy source of choice for the space 
exploration program, as well as isolated, difficult to access sites such as telephone repeater 
stations on mountain-tops and other remote locations.   
 
As solar power technology is enhanced, it will reduce the complexities of installation and make 
system installation more readily available in the broad consumer marketplace.  This raises the 
questions regarding non-OEM-type (OEM: Original Equipment Manufacturer) installations by 
unregulated consumers (i.e., purchase of self-install kits from a local hardware store).  
Additional monitoring by safety professionals may ultimately be required to assure safe and 
proper installations for occupants and emergency first responders.  Unregulated private 
occupant installations raise questions that are not necessarily within the present regulatory 
infrastructure (e.g., via building and/or electrical permits).  Further attention to this issue will 
likely be required as these self-installed systems become more common. 
 
The convenience of an energy source that minimizes the need for replenishment is highly 
attractive.  For example, solar power has already replaced small batteries in various 
convenience items such as wristwatches and calculators, thus greatly extending their lifespan 
without the need to replenish the power source (i.e., battery).  Another example includes new 
motor vehicles that are considering solar energy collectors to supplement their electrical power 
system.28   
 
Use of solar power for emergency preparedness and disaster planning is an obvious application 
of alternative energy independent of the electrical power grid.  Numerous initiatives are 
underway to supplement disaster critical support functions.  One example is an initiative to 
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establish a PV back-up power supply in the City of Boston for evacuation routes out of the city 
for critical traffic controls, gas station pumps, emergency evacuation repeaters, etc. 
 

 
Figure 2-6: Example of PV Systems Mounted on Fire Apparatus29   

(Photo courtesy of San Rafael Fire Department) 

 
The utilization of vehicle-mounted solar panels already exists within the fire service.  In 
particular, an approach gaining traction in California is the installation of fire apparatus PV 
systems to address fire apparatus deployment over long periods of time (e.g., a wildfire 
event).30  This provides them with a dependable electrical power supply for radio operation and 
other critical electrical equipment, and supplements the energy provided from conventional 
fuels that need periodic replenishment.  Figure 2-6 illustrates PV panels mounted on the roof of 
fire apparatus in San Rafael, California.31   
 

 
Figure 2-7: Example of Fire Station with a Photovoltaic Solar Power System in Missoula, MT 

(Photo courtesy of NREL Photographic Information Exchange) 

 
In addition to vehicle-mounted systems, fire stations are an integral part of almost all 
communities, and these civic structures are possible candidates for solar power system 
applications.  Multiple examples exist over the last several decades of fire departments that 
have effectively installed solar power systems on their fire stations.32,33  Figure 2-7 illustrates an 
example of a PV installation at Station Number 4 in Missoula, Montana. 
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Fire service facilities in remote areas utilize solar power systems more by necessity than for cost 
savings or similar reasons.  This is not unusual for installations in the urban/wildland interface 
where commercial electric power from the local utility is simply not available.  Figure 2-8 
illustrates a PV installation on the Hawley Lookout Tower, which is operated by the U. S. Forest 
Service and located in the Boise National Forest in Idaho. 
 

 
Figure 2-8: Example of PV System at a Remote Fire Lookout Tower in Idaho 

(Photo courtesy of NREL Photographic Information Exchange) 

 
The value of solar power systems as a source of sustainable energy is clear.  While the fire 
service is obviously interested in clarifying fireground operations for structures equipped with 
solar panels, they also have a genuine interest in this technology as a general consumer.   
 
 
Loss History and Data 
 
Statistical data indicates that on average 40,270 fire fighters were injured during fireground 
operations in the United States annually from 2003 through 2006.  Of these injuries, there were 
on average 215 fire fighters engaged in fireground operation at a building fire whose injuries 
ǿŜǊŜ ŘǳŜ ǘƻ άŜƭŜŎǘǊƛŎ ǎƘƻŎƪ.έ  CǳǊǘƘŜǊΣ рл ƻŦ ǘƘŜǎŜ ŀƴƴǳŀƭ ƛƴƧǳǊƛŜǎ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ƳƻŘŜǊŀǘŜ ƻǊ 
severe injuries.34  Statistical data from present data collection efforts does not address whether 
or not photovoltaic power systems were involved with any of these occurrences.   
 
The danger of electric shock on the fireground is a real hazard for fire fighters.  Exemplifying 
this hazard is a report containing thirty-two specific incidents from the Fire Fighter Near Miss 
Database for the calendar years 2005 and 2006.35  These incident reports provide anecdotal 
information on actual incidents involving fire fighters exposed to electric shock.  While these 
are useful case studies, the level of detail in these reports does not always include the type or 
source of the specific electrical equipment involved, and none of these reports mentions the 
involvement of a solar power system. 
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To facilitate a review of loss information, structural fires involving solar power systems can be 
one of three basic types depending on the point of ignition.  These are: (1) an external exposure 
fire to a building equipped with a solar power system; (2) a fire originating within a structure 
from other than the solar system; or (3) a fire originating in the solar power system as the point 
of ignition.   
 
Detailed loss information to support each of these scenarios is lacking due to the relative 
newness of this technology.  Traditional fire loss statistics such as NFIRS (National Fire Incident 
Reporting System) handled by the U.S. Fire Administration and FIDO (Fire Incident Data 
Organization) administered by the National Fire Protection Association, do not provide the 
necessary level of detail to distinguish the relatively recent technologies of solar power 
systems.   A preliminary scan of the NFIRS data ȅƛŜƭŘǎ пп ƛƴŎƛŘŜƴǘǎ ǘƘŀǘ ƛƴǾƻƭǾŜ άǎƻƭŀǊέ ƛƴ ǎƻƳŜ 
manner, but a detailed review indicates that most are not applicable and involve fires that 
started with sunlight through glass, landscape lighting, are non-structural fires such as vehicles, 
vegetation, rubbish, etc.  Further, proprietary information may exist with certain insurance 
companies and similar loss control organizations, but this is typically focused on their specific 
constituents and transparent data summaries are not known to be readily available. 
 
In summary, statistical data involving solar power systems is not readily available to provide 
quantifiable data analysis of these systems.  We do, however, have quantifiable data on the 
number of structure fires in the United States each year.  For example, in 2007 there were 
530,500 structure fires resulting in 3,000 deaths, 15,350 injuries, and $10.6 billion in direct 
property loss.  Of these fires, one- and two-family homes accounted for 399,000 fires, 2,865 
deaths, 13,600 injuries, and $7.4 billion in direct property loss.36  While the actual percentage of 
overall buildings with solar power systems and those involved with fire remains a quantifiably 
mystery, we have a general expectation of how the data will likely trend in the future.  As solar 
power systems continue to proliferate, the likelihood of fire fighters encountering them at a 
structural fire will similarly increase.  
 
Fire service emergencies will more likely be responding to smaller installations commonly found 
on residences and similar occupancies since they comprise Ƴƻǎǘ ƻŦ ǘƻŘŀȅΩǎ installations.  
However, large commercial systems will be equally noteworthy since even though they will be 
encountered much less frequently (due to fewer overall installations), they present unique fire 
fighting challenges that will require special tactical and strategic considerations. 
 
Several Individual fire reports of specific events are able to supplement our understanding of 
fires involving solar power systems.  Comparatively, there are very few incidents of fires 
originating with or directly involving solar power systems.  This implies that the solar power 
industry has a relatively good record when it comes to their equipment and components 
contributing to the source of ignition.  The following seven reported incidents provide 
information on distinctly different fire emergency scenarios. 
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The first of these incidents involved a residential structure fire in Colorado during May 1980.  
This involved a solar thermal system on a new unoccupied home with a small fire starting in a 
solar module due to faulty insulation materials.  The fire resulted in minimal damage, but it did 
raise concern about this particular module design and its ability to properly endure the 
anticipated heat and weather conditions.37,38,39  This fire occurred in 1980 and in the three 
decades since, significant advances have been made with the components and materials in this 
type of application. 
 

 
Figure 2-9: Type of Arrays Involved in May 2008 CA Incident40 

(Photo courtesy of Matt Paiss, San Jose CA) 

  
The second incident involved photovoltaic panels in May 2008 on a structure at the University 
of San Francisco.  Figure 2-9 provides an illustration of the type of arrays involved in this event, 
which was a relatively extensive installation and had the potential for significant fire spread.  
However, the building engineers on site were certified to handle high voltage, and the local 
electrical utility crew also arrived early in the event, and they took multiple steps to isolate 
energized conductors and power down the system, allowing responding fire fighters to 
extinguish the fire in one of the combiner boxes using portable extinguishers and a blanket of 
foam.  Property damage was kept to the components of the solar power system involved in the 
fire, with minimal damage to the host building.41   
 
The third fire of interest occurred in February 2009 at a California residence equipped with a 
newly installed photovoltaic system.  The system was tied to the grid and was installed under 
cloudy conditions, and turned on prior to receiving a final electrical inspection.  The system 
remained in an underpowered mode of operation for an extended stretch of rainy days.  Ten 
days after the installation when exposed to full sunlight conditions, the system caught fire due 
to an electrical malfunction.  Damage was limited to the roof-top system components. 
 
A fourth fire occurred in a PV solar module installed on the roof of a home in California during 
March 2009.  Unlike the residential fire in Colorado that involved a solar thermal system, this 
fire involved electrical arcing with a photovoltaic module that initiated the fire.  This fire 
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resulted in minimal damage to the residence, but portions of the solar system required 
replacement.42   
 
The fifth fire occurred in California during April 2009 and involved a large PV solar array 
comprised of 166 strings of 11 modules each on the roof of a department store.43  Figure 2-10 
illustrates the solar power system involved in this event.   
 

 
Figure 2-10: Solar Power System involved in April 2009 CA Incident44 

 
A diagram of the rooftop installation is shown in Figure 2-11, and this ƛƭƭǳǎǘǊŀǘŜǎ Ƙƻǿ άǎǘǊƛƴƎǎ ƻŦ 
ŀǊǊŀȅǎέ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ǇƘȅǎƛŎŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴ are not necesǎŀǊƛƭȅ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ άǎǘǊƛƴƎǎ ƻŦ 
electrically connected arrays.έ  Explained in another way, the separate strings of 11 modules 
each is based on their electrical interconnections, and these do not directly equate to physical 
strings of 11 modules in a single individual row.  This can cause confusion as emergency 
responders attempt to work with electrical system experts to isolate the system.  
 

 
Figure 2-11: Diagram of Rooftop System in April 2009 CA Incident45 
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Two separate electrical fires broke out remote from each other, and were caused by electrical 
arcing.  One of these fires consumed a complete string of solar modules.  The resulting two-
ŀƭŀǊƳ ŦƛǊŜ ǿŀǎ ŎƻƴŦƛƴŜŘ ǘƻ ǘƘŜ ǎƻƭŀǊ ƳƻŘǳƭŜǎ ŀƴŘ ǿŀǎ ƪŜǇǘ ŦǊƻƳ ǇŜƴŜǘǊŀǘƛƴƎ ǘƘŜ ǎǘƻǊŜΩǎ ǊƻƻŦƛƴƎ 
materials.  The arcing occurred when metal electrical conduits separated at their couplings due 
to significant contraction and expansion from sunlight, which exposed wiring that ultimately 
shorted.  Figure 2-12 illustrates one of the arrays damaged by fire.   
 

 
Figure 2-12: Fire-Damaged Array in April 2009 CA Incident46 

 
The fire department was challenged by the lack of accessible means to readily isolate the 
modules on fire.  This fire occurred on a bright sunny day, and the modules continued to 
generate electricity throughout the event with no means available to isolate them or de-power 
them.  The electrical energy generated at the time of the fire by the system was appreciable 
and dangerous, and fortunately no injuries occurred.  Although the installation met the 
requirements of the applicable electrical code, this event indicates a need to revise code 
requirements to provide emergency responders with appropriate measures to readily isolate 
solar modules.   
 
A sixth fire incident occurred in March 2010 and involved a PV system at a residential 
occupancy in Maryland.47  First arriving units reported that they had smoke and fire venting 
through the roof, but they soon realized the fire was confined only to the rooftop solar panels, 
after finding no smoke or fire within the structure.  The fire was effectively controlled with a 
hose stream from the ground.   Indications are that leaves and similar debris around and 
ǳƴŘŜǊƴŜŀǘƘ ǘƘŜ ǎƻƭŀǊ ǇŀƴŜƭǎ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ŦƛǊŜΩǎ ƛƎƴƛǘƛƻƴΦ  CƛƎǳǊŜ 2-13 provides an 
illustration of the fire scene.   
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Figure 2-13: Residential PV Fire in March 2010 MD Incident48 

 
The seventh fire occurred in a photovoltaic solar power system located on a residential 
occupancy in Southern California during April 2010.  This fire was the result of an electrical fault 
within the inverter unit, and it resulted in an estimated $4,000 in damage and no injuries.49  
Despite relatively minimal damage, the event gained attention due to the challenge to the fire 
department to fully extinguish the fire while they attempted to safely remove electrical power 
that was generated by sunlight powering the photovoltaic panels.  The fire department kept the 
small fire effectively contained within the inverter unit for several hours, and eventually fully 
extinguished the fire after locating and obtaining the assistance of a properly credentialed and 
equipped electrician to assist with removing the electrical power. 
 
One issue not yet addressed and included in the identified loss data, is the potential future 
impact of solar power systems on the spread of wildland/urban interface fires.  In recent 
decades these large-scale fires have increased in frequency and their loss magnitude has been 
enormous, dwarfing other traditional fire events.  Some of these incidents have involved vast 
areas of vegetation and included the loss of hundreds of structures.   
 
Concern exists on the ability of structures to withstand the onslaught of a wildland fire in these 
interface areas, which is testimony to the requirements of NFPA 1144, Standard for Reducing 
Structure Ignition Hazards from Wildland Fire that was originally issued in 1935.50  The ability of 
a structure to resist an encroaching wildfire (including flying brands) is a critical defense for the 
wildland/urban interface fires, and how solar panels resist or fail to resist the fire attack is 
important.  At this time, however, no data has been compiled nor any specific known losses 
recorded that indicate the impact of rooftop solar power systems for wildland/urban interface 
events. 
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More specifically it is unknown how rooftop solar panels perform when exposed to radiant heat 
or flying brands of an approaching wildland fire.  Fire protection professionals have for many 
decades fought to prohibit building construction that uses certain types of roofing materials 
(e.g., untreated wood shingles) unable to resist building-to-building conflagrations.  This has led 
to roofing material standards to protect from exposure fires such as ASTM E 108, Standard Test 
Methods for Fire Tests of Roof Coverings.51   
 
Certain questions remain unanswered about the performance characteristics of roofs equipped 
with solar power systems and their ability to withstand external fire exposure.  One recent 
research project through Underwriters Laboratories has further explored this topic, but this 
work is still in progress and the results are currently pending. 
 
 
Information Resources 
 
Solar power system installations have steadily grown in numbers in the first full decade of the 
21st century.  Factors contributing to this growth include strong consumer demand, rising 
energy prices from conventional energy sources, and financial incentives from the federal 
government, states, and utilities.52  This has resulted in the development of multiple resources 
available from government entities, independent membership associations, and other similar 
broad-based organizations. 
 
A useful resource addressing PV installations is the Open PV Project administered by the 
National Renewable Energy Laboratory (NREL), which provides updates of current PV market 
trends as well as specific details on existing U.S. photovoltaic installations.53  The Open PV 
Project is a collaborative effort between government, industry, and the public that provides a 
community-driven database of PV installations. It utilizes a comprehensive web-based data 
collection process focusing on PV installation data for the United States.  Its goal is to collect, 
organize, and distribute knowledge addressing the location, size, cost, and commissioning date 
of all U.S. PV installations.  
 
The Open PV Project utilizes an active data-collection approach that is continually gathering 
input from contributing sources.  Trend information starts in the year 2000, and NREL 
administrators bolster the collection efforts by using data from organizations such as large 
utilities and state-run incentive programs. The ongoing data compilation process includes 
multiple features to enhance quality and screen duplicates, although they acknowledge that 
statistics, rankings, and other estimates are only estimates and do not represent the actual 
current market status.  Figure 2-14 illustrates information from the Open PV Project located at 
openpv.nrel.gov.  In the future it is hoped that other private and government databases that 
track permits and similar information (i.e., through building departments and fire departments) 
will be able to directly contribute to the Open PV Project and other on-line tracking efforts 
focused on this topic. 
 

http://www.openpv.nrel.gov/
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Figure 2-14: Example ƻŦ LƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǘƘŜ άhǇŜƴ t± tǊƻƧŜŎǘέ όŀǘ openpv.nrel.gov).54 

 
A few local jurisdictions track the solar power systems installations within their domain, and 
this provides useful information for emergency responders with their fire emergency pre-
planning efforts.  An example of one such jurisdiction is the Building Department in the City of 
San Francisco.  They provide useful information on the installations located throughout the city, 
including detailed case studies of selected solar power systems.  This information is readily 
available on a website (sf.solarmap.org), and Figure 2-15 provides an example of this particular 
web-based resource.55  Other cities have similar web-based inventories, such as San Diego, 
which is considered to have the most Megawatt capacity among U.S City based jurisdictions. 
 

 
Figure 2-15: Website Example for Local Solar Power Systems (at sf.solarmap.org)56 

 


